Introduction
The planning skills of our closest living relatives, the great apes, have been a topic of intense interest and debate for decades [1] . One crucial aspect of human planning involves taking the uncertainty of the future into account, thereby preparing for multiple possible outcomes (e.g. looking both ways before crossing a road). Other research has shown that great apes can respond flexibly to uncertainty depending on the availability of multiple possibilities (e.g. [2] ) and make choices for future events outside of the current context (reviewed in [1] ), although whether they act to simultaneously prepare for all possible outcomes has received less focus.
Redshaw and Suddendorf [3] and Suddendorf et al. [4] recently presented two variations of a minimalist task designed to measure apes' and young children's responses to mutually exclusive future outcomes [3, 4] . Both studies were conceptually similar: a single item (a grape for the apes or a ball for the children) could fall from one of two possible openings, the location of which was randomized across trials. If subjects recognized and could prepare for these mutually exclusive possibilities, they were expected to use their hands to cover both openings and guarantee catching the object. In the first of these tasks, the apes and children were presented with an inverted, Y-shaped tube with one opening at the top and two openings at the bottom where the item could fall out (the location of the exit was controlled by the experimenter; [3] ). In a second, physically simpler version of this task, the experimenter briefly held up the item before dropping it in one of two parallel tubes [4] .
Emphasizing the first 12 trials (and the first trial in particular), the authors show that most 4-year-old children covered both openings from the first trial onward, whereas the youngest subjects (2-year-old children) and apes rarely covered both openings, and even after doing so on later trials, would often revert back to covering only one exit. Based on these results, the authors suggest that the ability to represent and prepare for mutually exclusive future outcomes develops between roughly 3 and 4 years in children and raise the possibility that this ability is unique to humans.
The simplicity of the task itself is appealing for testing the latter hypothesis with additional primate species and subjects; however, as the authors note, there may be other explanations for why the younger subjects and apes failed the task. Focusing on the apes, subjects with a history of cognitive testing may have previously been discouraged from selecting more than one option simultaneously or show poor performance as a result of motor coordination or attentional demands. Before drawing any conclusions based on these negative results, it is important to rule out other such factors that can explain subjects' performance and establish the reliability of the task for measuring the capacity in question (see [5 -7] for relevant examples).
We believe that a crucial control is missing from Suddendorf et al. [4] that can address this. One way to validate the task is to measure how subjects respond in the same set-up when the outcome is certain rather than uncertain: will the apes spontaneously and reliably cover both tubes from the first trial when they know that grapes will fall out of both openings simultaneously? If so, it is more likely that poor performance in the original task results from difficulties in representing multiple futures. In contrast, if subjects continue to cover only one opening, it requires a rethink of the task's validity for measuring this ability.
We replicated the methods of Suddendorf et al. [4] with a group of six chimpanzees, this time adding a condition that measured the apes' responses to known future events. If subjects used both hands on more than five trials in this condition, we then gave them a set of mixed trials in which it was not always necessary to use both hands, to examine what rules they had been applying in the certain outcome condition.
Material and methods
The subjects were six chimpanzees (four females) housed at the Lund University Primate Research Station at Furuvik Zoo in Sweden. For all conditions, two opaque PVC tubes (28 cm long, 5 cm diameter, 30 cm apart) were fixed to a Perspex panel that was attached to the mesh of the enclosure. The bottom of the tubes aligned with the bottom of the panel so that subjects could reach their fingers through the mesh to cover the bottom of the tube and prevent the grape from falling out of reach behind a wall.
The subjects were tested in three conditions. Half of the subjects were first tested in the uncertain outcome condition and then progressed to the certain outcome condition, whereas the other half began immediately in the certain outcome condition.
If subjects used both hands on more than five trials in the certain outcome condition they were then tested with the mixed trials.
(a) Uncertain outcome
At the start of each trial, the experimenter held up a single grape for the subjects to see. The experimenter then hid the grape by placing both hands together, during which time the grape was surreptitiously transferred to either the left or right hand. The experimenter then made both hands into fists and simultaneously held one fist over each tube before opening both hands. This presentation differs slightly from Suddendorf et al. [4] in that one hand is held over each tube, arguably making both possibilities clearer to the subjects.
(b) Certain outcome
The experimenter began by holding up two grapes (one in each hand) and holding each over the top of each tube for 3 s before dropping both grapes. The grapes were continually visible from the start of the trial until they were dropped into the tube.
(c) Mixed trials
Here, subjects received three different trial types: visible, known and unknown. On visible trials, the experimenter held up a single grape over one of the tubes before dropping it. On known trials, the experimenter held up both hands to show the subject which hand contained the grape before closing them and placing one fist over each tube. On unknown trials, the procedure for the 'uncertain outcome' condition was used. This combination of trials allowed us to measure whether subjects had learned to cover both tubes either indiscriminately, in response to the presence of both of the experimenter's hands over the tubes, or in response to the uncertainty of the outcome.
Results
Results for the certain and uncertain outcome conditions are shown in table 1. In the uncertain outcome condition, none of the three subjects covered both tubes on the first trial. Two of these subjects only covered one tube for all 48 trials, typically sticking to the tube on their left (the experimenter's right; see electronic supplementary material, table S1). The remaining subject, Santino, used both hands on five of the 48 trials, for the first time on trial 6, but never used this strategy for more than one consecutive trial.
In the certain outcome condition, none of the six subjects covered both tubes on the first trial, and only one of the six subjects (Maggan) covered both tubes within the first 12 trials. Three additional subjects eventually used both hands to cover the tubes, with first instances on trials 17, 24 and 50, respectively. After first using both hands, all subjects reverted back to covering only one tube on at least one later trial (see also electronic supplementary material, table S2 for side preferences). When given the mixed trials, two of the subjects covered both tubes equally often in known and unknown trials, whereas the third covered both tubes more often on unknown trials (50%) compared to known (18%) and visible (9%) trials (electronic supplementary material, table S3).
Discussion
Similar to the chimpanzees in Suddendorf et al. [4] , none of the subjects covered both exits on the first trial when the rsbl.royalsocietypublishing.org Biol. Lett. 14: 20180499 outcome was unknown, with one subject only doing so sporadically across the remaining trials. Yet critically, in a condition in which subjects should have used both hands on all trials (i.e. they were shown that grapes would fall from both tubes), they showed a similar pattern of behaviour, covering only one exit on the first trial. Four of the six subjects eventually used both hands, one as early as Trial 6 and the remaining three after a minimum of 17 trials, and all reverted back to covering one exit on at least one later trial. Failures in this latter condition suggest that performance is impacted by other factors and consequently that the task is not valid for measuring the capacity to represent two mutually exclusive future outcomes.
Two of the subjects that eventually used both hands in the certain outcome condition then continued to do so randomly across the mixed trials, even in instances where a single grape was visibly being dropped into only one of the tubes. This suggests that subjects had been weakly conditioned into using both hands, as Suddendorf et al. [4] also suggested in their study, rather than attending to the possible outcomes of the trials. In contrast, the third subject appeared to discriminate between known and unknown trials, preferentially covering both exits when it was unclear which tube the grape would emerge from. In this case, however, the subject still only covered both exits on about half of the unknown trials. Whether this resulted from motivational or other factors remains to be tested.
Of course, in the certain outcome condition, subjects received a reward on every trial even by covering just one exit, and thus there was a little cost associated with using only one hand. Yet apes regularly demonstrate sensitivity to even small differences in quantity, typically acting to maximize their gain [8] . It is additionally telling that none of the subjects attempted to use both hands on the first trial, and even after maximizing their outcomes through using two hands, three of the subjects reverted back to using one hand on later trials. Although it is assumed that subjects understand the physical aspects of the task, it may be of interest to test their performance with transparent tubes where they can follow the trajectory of the grape. While the data suggest that covering both tubes is generally difficult for apes to do, it remains unclear exactly why this is the case. It may be difficult, although not impossible, for subjects to synchronize the actions of their hands through the mesh, attend simultaneously to two separate locations, or a combination of the two.
The data from this additional condition suggest that the original task does not adequately rule out alternative explanations for the apes' failures. Consequently, it is premature to argue that apes fail to show evidence for the ability to prepare for two alternative outcomes based on their performance in this task [9] . Our results contribute to a growing push to examine subjects' failures in cognitive studies in greater detail [6] . Doing so not only allows for clearer interpretations of negative results but serves to improve future methodology. We suggest that one means of simplifying the set-up even further is to use anticipatory gaze as a measure, for example, by comparing looking times at two different locations when it is known or unknown where a single item will emerge from. Anticipatory gaze has served as a valuable tool for measuring other cognitive capacities such as the theory of mind in both apes and young children and may be particularly useful in minimizing confounding factors in cross-species comparisons [10 -13] .
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